This study evaluated 26 pigeonpea rhizobial isolates according to their cultural characteristics, intrinsic antibiotic resistance, salt and temperature tolerance, carbon source utilization and amylolytic activity. The cultural characterization showed that the majority of them presented the ability to acidify the YMA. Among the 27 isolates evaluated, 25 were able to grow when incubated at 42° C and 11 showed tolerance to 3% (w/v) of NaCl in YMA medium. The patterns of carbon sources utilization was very diverse among the isolates. It was observed the capacity of three strains to metabolize all the carbon sources evaluated and a total of 42% of the bacterial isolates was able to grow in the culture medium supplemented with at least, six carbon sources. The carbon sources mannitol (control) and sucrose were metabilized by all isolates evaluated. The profile of intrinsic resistance to antibiotics showed that the isolates were mostly resistant to streptomycin and ampicillin, but susceptible to kanamycin and chloranphenicol. High amylolytic activity of, at least, four isolates was also demonstrated, especially for isolated 47.3b, which showed the highest enzymatic index. These results indicate the metabolic versatility of the pigeonpea rhizobia, and indicates the isolate 47.3b to further studies regarding the amylase production and characterization.
INTRODUCTION
Rhizobia is a group of soil bacteria which are able to form root and/or stem nodules with legume plants. These bacteria exhibit a great taxonomic and phenotypical diversity and some groups are distributed worldwide. Studies evaluating the rhizobial diversity have shown that some of these bacteria belong to groups which were not formerly described as nodule forming bacteria, such as β-proteobacteria (16) and more recently γ-proteobacteria (23) . In the same extent as taxonomic diversity, the rhizobia strains show a wide range of metabolic profiles with multiple antibiotic resistance, carbon sources *Corresponding Author. Mailing address: Embrapa Semiárido, BR 428, Km 152, Zona Rural, CEP.: 56302-970, Petrolina-PE, Brasil.; E-mail: paulo.ivan@embrapa.br metabolism, high temperature and salt tolerance (11, 12, 17, 29) .
The main technological application of rhizobia in Brazil is regarding the rhizobial inoculant production. The metabolic characterization of Brazilian rhizobial strains has shown a great versatility of their potential to other biotechnological applications than inoculant production, such as production of microbial biopolymers (2, 8, 9) , and enzymes with industrial application (19, 20, 21) .
The production of enzymes with biotechnological interests is an important issue on industrial microbiology and the amylase production reaches almost 25% of the total world enzyme market (25) . The constant bioprospection of microorganisms able to produce amylase may result in microbial strains, which show higher amylase production than those, industrially available nowadays. Besides contributing to the selection of microorganisms to industrial production of amylase, the characterization of rhizobia regarding the amylolytic activity also must contribute to the understanding of the very diverse metabolic profiles of the root nodule bacteria (20, 21, 25) . The aim of this study was to characterize rhizobial isolates from pigeonpea root nodules, by means of its phenotypic characteristics and evaluate the amylolytic capacity of the bacteria.
MATERIALS AND METHODS

Cultural characterization of rhizobial isolates
A total of 27 fast growing rhizobial isolates were evaluated in this study. These bacteria were isolated from root nodules of pigeonpea [Cajanus cajan (L.) Millsp.] genotypes cultivated in soils of Rio de Janeiro State, under different management practices (7) . The isolates were inoculated at Petri dishes containing YMA (Yeast Extract-Manitol-Agar) (27) medium and incubated at 28°C for 2-3 days. The isolates were characterized according to the following features: pH alteration of culture medium, colony color, colony size, gum production and uniformity (7, 26, 28) . As reference strains, it was also culturally characterized two strains belonging to the Rhizobium tropici (BR 322) end Ensifer saheli (BR 526) species. These bacteria were obtained from the culture collection of Embrapa Agrobiologia.
Intrinsic antibiotic resistance
The evaluation of intrinsic antibiotic resistance (IAR) of rhizobial isolates were carried out through the gradient plates To inoculation, the bacterial isolates were cultured at the YM (Yeast extract-Mannitol) liquid medium (27) at orbital stirring (120 rpm) by 2-3 days. One mL of each culture broth was centrifuged (8000 g for five minutes), the supernatant was discarded and the pellet was resuspended in 1 mL of sterile saline solution (NaCl 0,85% w/v). To the inoculation, 10 µL of each cell suspension were dropped at the first section of Petri dishes that were inclined to drain the cell suspension towards the end of the third section. The dishes were incubated at 28°C until the proper growth time of each isolate. It was attributed score 1 to isolates which were able to grow only at the first section (low resistance); 2 to the isolates which were able to grow in first and second sections of the dish, but were not at the third section (intermediate resistance); 3 to the isolates that presented positive growth through every three zones (high resistance) (10, 28) .
Salt and high temperature tolerance and carbon source metabolism
The bacterial isolates were cultured in liquid YM medium and the cell suspension was prepared as described previously.
A 10 µL aliquot of the cell suspension was inoculated at Petri dishes containing YMA medium and scratched with a platinum loop.
To the evaluation of salt tolerance, the bacterial isolates were inoculated at YMA medium supplemented with zero 
Amylolytic capacity
The bacterial isolates were cultivated in YM liquid medium and a cell suspension with saline solution was 
Data analysis
The cultural characterization data were transformed in a binary matrix and the clustering carried out with the unweighted pair-group method with arithmetic mean (UPGMA) algorithm and Dice coefficient through the software PaSt (13) . All the culture experiments were conducted with three replicates. In those cases which the evaluation profiles do not showed the same results at the three replications, the experiments were repeated to assure the results. 
RESULTS AND DISCUSSION
The clustering based at the cultural characteristics showed two main clusters ( Figure 1 ). The cluster A differs from B mainly by colony color. The cluster A, which encompasses both reference strains evaluated, presents colony with white color, while the cluster B encompasses isolates with yellow colonies. In the cluster A two main sub-clusters are observed.
The cluster A1 segregates 16 isolates which acidified the culture medium, while the sub-cluster A2 has only 2 isolates that are able to alkalinize the culture media. At the sub-cluster A1 is also possible to observe other dichotomization, the upper group (9 isolates) had low mucus production and the bottom group (7 isolates) gathered bacteria that were able to produce high amount of mucus at solid culture media. The cluster B encompasses six isolates with yellow colonies. The sub division in that cluster was mainly due to the pH reaction on the culture media. The sub-cluster B1 has three isolates that did not change the pH of YMA culture medium while the subcluster B2 harbored isolates that acidify the medium. Although some studies have shown that fast growing strains are not resistant to streptomycin (10) , the IAR results found in the present study, corroborate to some recent results which pigeonpea rhizobial IAR also presented high resistance to streptomycin and low kanamycin resistance (6) . It is very common to find fast growing rhizobial isolates that exhibiting high tolerance to streptomycin (6, 28) . Regarding ampicillin IAR, the results obtained in the present study indicated that several rhizobia isolates presented high or intermediate resistance, which is different from previous results to pigeonpea rhizobia (1), pointing out the great diversity metabolic profiles of the bacteria isolated from this green manure. Other common characteristic found in fast growing rhizobia is the low resistance to kanamycin and chloramphenicol. High resistance to both antibiotics among the isolates evaluated was not observed.
Intermediate resistance presented by 13 rhizobial isolates for chloramphenicol and in only two isolates for kanamycin. Similar results were already shown to rhizobia isolated from common bean (24), pigeonpea (6) and cowpea (28) .
The evaluation of rhizobial tolerance to different salt concentrations at culture media and different incubation temperatures showed that a large amount of isolates evaluated (42%) was able to grow in YMA media supplemented with 3 % (w/v) of NaCl and the majority part of the isolates (92%) was able to grow when incubated at 42°C (Table 1) . Temperatures higher than 40°C were easily reached at the tropical soils, the evaluation of in vitro tolerance to high temperatures may help in the selection of more stable strains to heat conditions (29) . Regarding the salt tolerance evaluation, in vitro assays are cheap and feasible to large numbers of isolates, allowing the selection of potential strains to further field experiments, especially in soils with high salt content (17, 29) .
Evaluating the rhizobial isolates ability to metabolize different carbon sources, we observed that the isolates 34.2a, 71.3b and 11.1b were able to grow in culture medium supplemented with all carbon sources evaluated ( Table 2 ). All isolates were able to grow at the control treatment (original YMA medium), and also using sucrose as sole carbon source. On the other hand, few (19%) of the rhizobial isolates were able to metabolize malic acid, the majority of them (54%) was able to grow in the culture media (Figure 3) . The main bacteria used industrially to the production of amylases belongs to Bacillus genus (25) , but nodule forming bacteria has already demonstrated their potential for this purpose, being able to hydrolyze starch in culture medium supplemented with several starchy compounds (27) . By the way, some strains evaluated, in the present study, present the capacity to produce some biopolymers industrially applied (EPS and PHB), using starch as sole carbon source (8, 9) . This result shows the potential to multiple biotechnological applications of rhizobia.
The results found in this study confirm the great variability on phenotypical characteristics among the rhizobial isolates and indicates the potential of some strains to amylolytic activity. The isolate 47.3b, for example, showed the potential to further inclusion in programs of optimization of the culture conditions to produce amylases. The ability of rhizobial strains to grow using inexpensive carbon sources as substrates is desirable. In the present study, it was possible to evaluate that several bacterial strains were able to grow using inexpensive substrates as sole carbon source, such as starch and sucrose. Their ability to metabolize these substrates increases their biotechnological potential, reducing the costs of cultivation and opening new possibilities to rhizobial applications.
